A new species of the dicroglossid frog genus Limnonectes is described from Ubon Ratchathani Province, northeastern Thailand. Limnonectes lauhachindai sp. nov. differs from its congeners by having males with a low-profiled, U-shaped caruncle with free posterior margin that completely occupies, but does not extend beyond, the interobital region. The new species is most closely related to L. gyldenstolpei and L. dabanus. Its description brings the total number of caruncle-bearing species of Limnonectes to five.
Introduction
Adult males of four species of Southeast Asian dicroglossid frogs in the genus Limnonectes exhibit extreme secondary sexual characteristics, including enlarged odontoid processes on the lower jaw, hypertrophied heads, and, most unusually, ornamentation consisting of a swollen or cap-like structure (caruncle; Lambertz et al. 2014) on top of their heads (Boulenger 1916; Boulenger 1917; Boulenger 1920; Lambertz et al. 2014; Rowley et al. 2014; Smith 1922; Stuart et al. 2006b ). These include L. dabanus (Smith 1922) , L. gyldenstolpei (Andersson 1916) , L. macrognathus (Boulenger 1917) , and L. plicatellus (Stoliczka 1873) , four species that represent a monophyletic group . The caruncles in these four species are homologous structures consisting of a dense pad of connective tissue on top of the frontoparietal bones . Caruncles are species-specific in their shape, ranging from a low-profile, domed structure without a free posterior edge (in L. macrognathus), to a large, flap-like, U-shaped structure with a free posterior edge (in L. gyldenstolpei), to a highprofile, horn-or knob-like process (in L. plicatellus) or dome-like structure (in L. dabanus; Lambertz et al. 2014) . The function of the caruncles remains unknown, but they may serve a function in male-male combat (Lambertz et al. 2014; Rowley et al. 2014) .
Our fieldwork in 2004 (reviewed in Stuart et al. 2006a Stuart et al. ), 2011 Stuart et al. and 2012 at two localities in Ubon Ratchathani, northeastern Thailand, revealed an additional species of Limnonectes having males with distinct, cap-like caruncles, but that differed morphologically and genetically from all other known species. Herein, we describe this species as new.
Material and methods
Sampling. Specimens were collected by hand and fixed in 10% buffered formalin after preserving liver in 20% dimethyl sulfoxide salt-saturated storage buffer or 95% ethanol. Specimens were later transferred to 70% ethanol.
Specimens and tissue samples were deposited at the Field Museum of Natural History (FMNH), Zoological Museum Kasetsart University, Bangkok, Thailand (ZMKU), and North Carolina Museum of Natural Sciences (NCSM). FMNH specimens were cross-cataloged in the Thailand Natural History Museum (THNHM). Comparative material (Appendix) was examined in the holdings of these institutions and the Natural History Museum, London (BMNH), Muséum national d'Histoire naturelle, Paris (MNHN), Museum of Vertebrate Zoology, University of California, Berkeley (MVZ), and La Sierra University Herpetological Collection (LSUHC).
Morphology. Measurements were taken to the nearest 0.1 mm with dial calipers: snout-vent length (SVL); head length from tip of snout to rear of jaws (HDL); maximum head width (HDW); snout length from tip of snout to anterior corner of eye (SNT); eye diameter (EYE); interorbital distance (IOD); internasal distance (IND); shank length (SHK); thigh length (TGH); forearm length, from elbow to base of palmar tubercle (LAL); manus length from tip of third digit to base of palmar tubercle (HND); pes length from tip of fourth toe to base of inner metatarsal tubercle (FTL); inner metatarsal tubercle length (IML); and inner metatarsal tubercle width (IMW). Terminology for the cap-like structure, "caruncle," follows Lambertz et al. (2014) .
Molecules. Total genomic DNA was extracted from liver using the PureGene Animal Tissue DNA Isolation Protocol (Gentra Systems, Inc.). A 551 basepair fragment of mitochondrial (mt) DNA that encodes part of the 16S rRNA gene (16S) was amplified, sequenced, and edited following Inger & Stuart (2010 Table 1 ). Sequences were aligned using MAFFT v. 7 (Katoh & Standley 2013) . The model of sequence evolution that best described the data (GTR+I+G) was inferred using the Akaike Information Criterion as implemented in jModelTest 2 (Darriba et al. 2012) . Four independent Bayesian analyses were performed using MrBayes 3.2 (Ronquist et al. 2012) . In each analysis, four chains were run for 20 million generations using the default priors, trees were sampled every 4,000 generations, and the first 25% of trees were discarded as 'burn-in'. A 50% majority-rule consensus of the sampled trees was constructed to calculate the posterior probabilities of tree nodes. Uncorrected pairwise distances were calculated using PAUP* 4.0b10 (Swofford 2002) .
Calls. Advertisement calls were recorded at 2230 h at an ambient air temperature of 24.0 °C on 19 August 2011 from one male (ZMKU AM 00589) that was calling on the ground in deciduous dipterocarp forest with wet grassy understory. Calls were recorded under natural conditions at a distance of approximately 0.2-0.3 m from the animal using an Edirol R-09 WAVE/MP3 Recorder (44.1 kHz sampling rate and 24-bit encoding) and a Røde NTG-2 condenser shotgun microphone. Ambient air temperature was measured using an Extech Instruments digital thermometer (accuracy ±1˚C).
Calls were analyzed using Raven Pro 1.4 for Mac OS X (Cornell Lab of Ornithology). Calls were edited with a sampling rate of 44.1 kHz and 24 bits per sample. The audio spectrograms were achieved using Hanning windows function (512-point fast Fourier transform, 50% overlap, 86.1 Hz resolution) in the spectrum section plot. Temporal and spectral parameters were modified from Cocroft & Ryan (1995) and Thomas et al. (2014) as follows: call duration (the time from beginning to end of one call); intercall interval (duration of the interval between consecutive calls); call rate (the total number of calls-1 divided by the time from beginning of first call to beginning of last call); note (the number of notes in a call); note duration (time between the onset and the offset of the middle note in a call); internote interval (the time interval of the middle notes in a call); note rate (the number of note per second); pulse (the number of pulses in a call); pulse duration (the time between the onset and the offset of the middle pulse in a call); interpulse interval (the time interval of the middle pulse in a call); pulse rate (the number of pulses per second); and dominant call frequency (the frequency of maximum amplitude measured from a power spectrum generated using Raven's selection spectrum function over the duration of the entire call).
Results

Limnonectes lauhachindai sp. nov.
Holotype: NCSM 80222 (field tag AA 01384), adult male ( Fig. 1) , Thailand, Ubon Ratchathani Province, Description of holotype. Habitus moderately stocky; body tapering to groin. Head broad and depressed; head length and width subequal. Snout obtusely pointed in dorsal view, round in profile, projecting well beyond lower jaw in profile; nostril dorsolateral, much closer to tip of snout than to eye, below canthus, internarial distance subequal to interorbital distance; canthus rostralis indistinct, rounded, slightly constricted behind nostrils; lores concave, oblique; eye diameter 80% snout length, interorbital distance greater than upper eyelid width; pineal ocellus visible; tympanum round, not elevated from side of head, annulus weakly visible, tympanum diameter about 82% eye diameter and greater than distance between tympanum and eye; small, slit-like vocal sac openings on floor of mouth near lateral margin of tongue; vomerine teeth on two oblique ridges, equal in distance to each other as to choanae; two large odontoid processes at front of mandible; median triangular protuberance at mandibular symphisis.
Forelimb moderately robust. Fingers moderately slender, without webbing; tip of fingers rounded, weakly expanded into discs; relative finger lengths II < IV < I < III; moveable flap of skin on preaxial sides of Fingers II-IV; distinct subarticular tubercles, one on Fingers I-II, two on Fingers III-IV; distinct palmar tubercles, one at base of Finger I, two in contact as base of Fingers II-IV; nuptial pad absent.
Hindlimb moderately robust. Toes moderately slender; tips of toes rounded, expanded into small discs; relative toe lengths I<II<V<III<IV; webbing on Toe I to base of disc, on preaxial side of Toe II to midway between subarticular tubercle and tip and continuing as a fringe to base of tip, on postaxial side of Toe II to base of tip, on preaxial side of Toe III to level of distal subarticular tubercle continuing as a fringe to base of tip, on postaxial side of Toe III to base of tip, on preaxial and postaxial sides of Toe IV to level of distal subarticular tubercle and continuing as a fringe to base of tip, and on Toe V to base of tip; moveable flap of skin on outer margins of Toes I and V; distinct fold on distal half of tarsus; distinct, elongate, oval, inner metatarsal tubercle, length about 44% distance between tip of toe I and tubercle; no outer metatarsal tubercle.
Skin above shagreened with irregular rows of large oval warts, most concentrated near flank and lower back; low-profiled, U-shaped caruncle with free posterior margin that fully occupies, but does not extend beyond, the interorbital region; distinct supratympanic ridge from posterior corner of eye to axilla; large rictal gland; no dorsolateral fold; skin on venter smooth.
Measurements of holotype given in Table 2 . Color of holotype in preservative. Dorsum dark brown; tips of dorsal warts white, warts encircled with black. Venter cream, chin dark brown, throat with large brown spots, belly and ventral surfaces of limbs with very small dark spots.
Color of paratype ZMKU AM 00586 in life. Dorsum brown, with irregular black spots, becoming brassy on dorsal surfaces of limbs and upper flank; continuous black streak under canthus and supratympanic fold, extending from nostril to upper half of tympanum; lips brown with broad black bars; iris bronze; broad cream-yellow vertebral stripe from anterior margin of upper jaw to vent; upper surfaces of hindlimb with broad black bands; lower flank beige and gray (Fig. 2) .
Variation. Females lack caruncles and have narrower heads in dorsal view than males. The largest male paratype (ZMKU AM 01111; SVL 42.0 mm) is noticeably larger than the second largest (NCSM 81269; SVL 37.7 mm). Seven (NCSM 81269, ZMKU AM 01106, ZMKU AM 00552-53, ZMKU AM 00586-87, ZMKU AM 00593) of 25 (28%) specimens have a pale vertebral stripe, a polymorphic character seen in other Limnonectes, including L. dabanus and L. kohchangae (Stuart & Emmett 2006; Stuart et al. 2006b ). Measurements are summarized in Table 2 .
Molecules. The aligned dataset contained 1,624 characters. The new species was recovered as sister to a clade containing L. dabanus and L. gyldenstolpei (Fig. 3) . The holotype and six paratypes (NCSM 81269, ZMKU AM 01104-07, ZMKU AM 01109) are identical in the 16S gene fragment, but have an uncorrected pairwise divergence of 5.98-6.72% from L. dabanus (n=2) and 4.25-8.40% from L. gyldenstolpei (n=3).
Calls. Paratype male ZMKU AM 00589 had two different advertisement call types, referred to here as Type 1 and Type 2 (Fig. 4) . Type 1 (n = 30) had 1-10, one-pulsed notes lasting 27.44 to 4342.91 ms; note duration of 10.29-34.50 ms; interval between notes 182.50-972.41 ms; note repetition rate of 0.98-4.00 notes per second; and dominant frequency of 1.12-2.33 kHz. Type 2 (n = 3) was a single, multi-pulsed note lasting 1749.06-2148.03 ms with 31-37 pulses; pulse duration of 21.24-25.00 ms; interval between pulses 33.74-35.36 ms; pulse rate 16.98-17.49 pulses per second; and dominant frequency of 2.15-2.24 kHz (Table 3 ). The advertisement calls were repeated at a rate of approximately 0.12 calls per second and intercall interval varied from 0.36 to 30.26 s. These calls showed frequency modulation with or without weak harmonics. Table 1 .
Distribution and natural history. Limnonectes lauhachindai sp. nov. is only known from Na Chaluai and Sirindhorn Districts, Ubon Ratachathani Province, Thailand (Fig. 5) , from 131-360 m elevation. Those from Na Chaluai District were taken on the bank or in the water of a shallow stream flowing over bedrock in semi-evergreen forest on a single day between 1400-2140 h. Those from Sirindhorn District were taken on the ground in deciduous dipterocarp forest with wet grassy understory (Fig. 6 ). Eggs and larvae are unknown.
Comparisons. Limnonectes lauhachindai sp. nov. differs from all other species of Limnonectes except L. dabanus, L. gyldenstolpei, L. macrognathus and L. plicatellus by having mature males with a caruncle on top of the head. Limnonectes lauhachindai sp. nov. further differs from these four species by having males with a lowprofiled, U-shaped caruncle with free posterior margin that fully occupies, but does not extend beyond, the interorbital region (caruncle high-profiled and domed in L. dabanus; caruncle extending beyond interorbital region in L. gyldenstolpei; caruncle lacking U-shape and free posterior margin in L. macrognathus; caruncle high-profiled and horned in L. plicatellus; Fig. 7) . Limnonectes lauhachindai sp. nov. further differs from L. dabanus, L. gyldenstolpei, and L. macrognathus by having much smaller males n = 15) in L. dabanus; SVL 51.1-68.4 (mean ± SD 62.0 ± 5.7, n = 14) in L. gyldenstolpei; SVL 43.2-48.8 (mean ± SD 45.5 ± 3.0, n = 3, this study), types SVL 47-57 (n = 2; Boulenger 1920) in L. macrognathus], and from L. plicatellus by lacking dorsal rugosities arranged in distinct, longitudinal rows parallel to the body axis (present in L. plicatellus). Limnonectes lauhachindai sp. nov. superficially resembles L. hascheanus (Stoliczka 1870) , L. limborgi (Sclater 1892) , and L. kohchangae (Smith 1922) , but differs from all of them by having cephalic caruncles in males (absent in L. hascheanus, L. limborgi, and L. kohchangae). Limnonectes lauhachindai sp. nov. further differs from L. hascheanus by having larger body size [males with SVL 18.8-25.4, mean ± SD 22.1 ± 1.9, n = 9, females with SVL 20.5-25.0, mean ± SD 23.0 ± 1.6, n = 9, in L. hascheanus (Inger & Stuart 2010) ], and from L. hascheanus and L. limborgi by having fully webbed toes (greatly reduced toe webbing in L. hascheanus and L. limborgi).
Male secondary sexual characters are unknown in L. khammonensis (Smith 1929) , which is known only from the female holotype, but females of L. lauhachindai sp. nov. differ by having a distinct tympanum (indistinct in L. khammonensis) and less toe webbing (Toe IV webbed to distal subarticular tubercle, continuing as fringe to base of disc, and all remaining toes webbed to base of disc in L. khammonensis).
